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Summary
5-Hydroxytryptamine
(5-HT) has significant effects on the skeletal neuromuscular junction. We have evaluated the potential neuromodulatory effects of 5-HT on the rat hemidiaphragm using a non-fatiguing pattern of stimulation (0.3 Hz) in a partially curarized preparation using tubocurarine (EC 50 : 560 (range 400-650) nmol litre 91 ). 5-HT was added to the partially curarized preparation in the following concentrations: 0, 12.5, 25, 50, 100, 200 and 400 nmol litre 91 and the twitch response was recorded at each concentration. These measurements were expressed as a ratio of control values, plotted against time and the area under the curve (AUC) calculated. The AUC values for test and control hemidiaphragms were compared by paired t test analysis accepting a 5% significance level. The mean AUC for test (3327 mm 2 ) and control (4102 mm 2 ) preparations were significantly different (P : 0.003). We have shown that the addition of low concentrations of 5-HT to the indirectly stimulated partially curarized rat diaphragm preparation caused depression of twitch height. where it may modulate the action of acetylcholine. High concentrations of 5-HT (millimolar) exhibit depressant effects on single twitch responses of skeletal muscle preparations. 2 3 Previous workers have suggested that the reduction in twitch height produced by 5-HT may be a result of a curare-like effect on the motor end-plate of skeletal muscle 4 but have failed to demonstrate that 5-HT exhibits a curare effect on skeletal muscle at resting rates of stimulation.
5 When 5-HT is applied at bath concentrations in excess of 5 mmol litre
91
, necrotic effects have been observed in in vitro skeletal muscle preparations. 6 In order to examine the interactions of 5-HT with neuromuscular blocking agents we tested the following null hypothesis: 5-HT has no effect on twitch responses of the vertebrate skeletal muscle where the safety factor for transmission at the neuromuscular junction has been reduced by application of tubocurarine. We investigated the effects of 5-HT added cumulatively (0-400 nmol litre
) to a partially curarized rat phrenic nerve diaphragm preparation.
Methods and results
Male Wistar rats (200-300 g) were used as a source of phrenic nerve diaphragms. The diaphragms were dissected out after the animals were killed by stunning and decapitation. Excess tissue was removed from the dissected diaphragms which were placed subsequently in a tissue bath containing oxygenated (95% oxygen-5% carbon dioxide) Krebs solution maintained at 37 ЊC. The diaphragms were pre-tensioned to 4 g and stimulated indirectly at supramaximal voltage (4-12 V). A Digitimer DS9A stimulator was set to deliver electrical stimuli with a pulse width of 0.5 ms and frequency of 0.3 Hz. No licence was needed as animals were killed under schedule 1 of the Animals (Scientific Procedures) Act 1986.
Responses were recorded isometrically, transduced (Ormed 4157) and displayed on a Windograf recorder (Gould Instruments). The recording apparatus was calibrated at the start of each experiment. This was carried out by suspending pieces of metal of known weight (0.5 g, 1 g) from the arm of the transducer and recording the deflection on the Windograf display up to a total of 4 g deflection.
Tubocurarine was added cumulatively in 200-nmol litre 91 increments and twitch height was allowed to stabilize between addition of one concentration and the next. This was continued until all twitches were abolished. The excitatory concentration which produced 50% (EC 50 ) depression of twitch height was calculated. The hemidiaphragms were exposed to a standardized wash cycle and allowed to equilibrate for 30 min. The EC 50 dose of tubocurarine was added to the preparation and the twitch response allowed to stabilize.
5-HT (Ciba Geigy) was added cumulatively to one hemidiaphragm preparation in the following concentrations: 12.5, 25, 50, 100, 200 and 400 nmol litre 91 , while an equal volume of control solution (Krebs) was added to the contralateral diaphragm which acted as a time-matched concurrent control. Five minutes were allowed between successive additions of each concentration of 5-HT.
The twitch response of the hemidiaphragm after addition of tubocurarine acted as the reference value against which all other twitch responses, after addition of 5-HT or control, would be compared. Twitch height after addition of each concentration of 5-HT was recorded and expressed as a ratio over the reference value. The recordings from the contralateral diaphragm (time-matched concurrent control) were treated in the same way. The ratios were plotted subsequently against time for each experiment. The area under the curve (AUC) of the time ratio response relationship was calculated and the values of the areas for test and control preparations were compared by paired t test analysis accepting a 5% level of significance. For presentation purposes the data have been presented in the form of a concentration-response relationship.
There was consistent depression in twitch height in the preparation treated with 5-HT compared with controls (n : 7). A plot of change in twitch response over time indicated that the mean areas were significantly different between treatment and control groups (P : 0.003). The results for the seven pairs of experiments are summarized in figure 1.
Comment
In this study we have demonstrated that 5-HT depressed the twitch response in a partially curarized preparation when added at low concentrations (12.5-400 nmol litre 91 ) but had no effect in the absence of tubocurarine at the same concentrations. This would imply that the presence of tubocurarine compromised the interaction of acetylcholine with its receptors at the neuromuscular junction in such a way that 5-HT was able to evoke a depressant effect on the indirect twitch response of skeletal muscle. This could imply that 5-HT was either depressing the release of acetylcholine from the presynaptic terminal or reducing postsynaptic sensitivity to the effects of acetylcholine. To the best of our knowledge this has not been demonstrated previously. However, previous studies carried out by us have shown that 5-HT can modulate the twitch responses of the indirectly stimulated rat diaphragm during tetanic stimulation. 7 In this situation it is possible that 5-HT is able to modulate twitch responses when the processes involved in acetylcholine replenishment are maximized.
We feel that these observations need further examination using a range of selective 5-HT agonists and antagonists in order to identify the receptor or receptors involved in the action of 5-HT. Further investigation is also required to help formulate a basis for possible interactions with other drugs already known to be active at the neuromuscular junction. 
